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(54) SEMICONDUCTOR LASER 

(57)Abstract: 

PURPOSE: To perform green semiconductor laser by 
laminating a BP layer and a GaxAM-zN layer as a 
semiconductor layer for forming a double hetero junction, and 
employing a superlattice layer having a sphalerite type 
crystalline structure as the GaxAII-xN layer. 
CONSTITUTION: In a semiconductor laser having a double 
hetero junction structure made of first conductivity type clad 
layers 12-14, an active layer 15 and a second conductivity 
type clad layer 16 on a substrate 11. the layers 12, 15, 16 are 
alternately laminated with BP layers and GazAII-xN (0<x<1) 
layers, and a GaxAll-xN layer is formed of a superlattice layer 
having a sphalerite type crystalline structure. Thus, a new 
compound semiconductor material having five elements having 
wide band gap and ZB type structure is used to obtain a 
practical green light semiconductor laser. 



19" 



P - BP 



17-1 



16 



13 



V?- 
11 



B P \ y TV B P 



h- BP 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 

examiner's decision of rejection or application 

converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner s decision of 
rejection] 

[Date of requesting appeal against examiner's decision 

of rejection] 

[Date of extinction of right] 



BEST AVAILABLE COPY 



http://www1 G.ipdI.ncipi.go jp/PAl /result/detail/main/wAAAAZaWI aDA402288388P1 .htm 



06/11/10 



® a * B 4# It »f (J P) ® «P fMU H 4> M 

i,<k m,m fP ^ ^ ( A ) ¥2- 288388 



®Int.Cl.' mm'^ frPmm^ ¥fiE2¥(1990)11^28B 

^*5lc^J& 7 (^uK) 



H 01 S 3/18 7377-5F 
H 01 L 21/205 7739-5F 



@^ @ ¥1-110502 

@di Si ¥1(1989)4^28B 



®^ 


IS 




Si # 5 


5 a 




















®ll 














®m 


SI 




» ^ ^ th 








Oft 


9 


A 











^ HA m 

1 . ft in <o s 

i|£«5«: U - 1f 

(1) Sfi±(c. 91918^^79 KigS, 

m X tfm 2 m^m y ^ vmt^^ti^iryAf^ 

ffi^^-y K®ttv BPSiGa. ,-. N 

Ga. Afl I-. N (OsCx^l) fS^ ix< W& 9^ M 

(2) ll«c±ic. SSlie^Si'^v KB. «tt 
®*>J:CfSI2«9mS?^7v V m ^ U i> f )\, ^ 

Ga. AH , Bi-,-, N, P,-, COix.y. 



i ^ « 1/ - If o 

(3) Stfc±(c> KS. Stt 

T^ott^ttig^WL. Bi}S2m2««ffi^5v K® 

V K». j£ttfi^J;c;$82«18S3>7<y Kfid. 
BPB^Ga. Ai^ ... N (0^x51) M 
SJCttB^nrCa. Aj? N (OSxil) 

Ga.AdvBi-.-, N.Pi-. (0£x. y. 
z^l) Sl%»icj:0«ll£$n. 93SS1SdKni±® 

;l/ -y Si£ (g to G a . A j? , - . N ]g J; ») fi!c * 

(4) Ste±iC. ai3?«ffi^5vK@. Stt 
®*JJ:Cf»2S?«fei'7-/ K®*^^n£-6y7';U^ 
xoffi^fflig*WL, ffiIEB23?t8ffij^5-:r K® 

J&^o%%|[a±®«>*<tCfB2^fSS!^ 9 -y K® 



-521- 



i» «: - 1f IC v> T . Sn E 25 1 ^ te Ig 5^ 7 V ..K 
m , « » *i J; » 2 ^ « ffi ^ 7 K ]g II * 
BP/giGa, A Q N (OiSxSl) ®;5<55 

aiceig^n-cGa. ah ,.. n (osxsi) 

Ga. APr B,-.-, N, Pi-, (OSx, y. 

z s 1 ) s a ® ic J: t) m fit ^ n . Hu se 18 Sft PI ± IB 

(5) K®. SlSt 

K»±lc2S52««g203>^'if hB36<JKliJc* 
it . BPQ^Ga. A^ ... N (OSxSl) 



Aif, B>..-rN, Pi.. (0£x. y. z£l) 

^ *^ *a it ^tix\,^^zt^^W[t'i'6tti 
3 . iHS ilQ O » «B 'A- i» 

[ ^ qq <o ii ] 

( M ± <0 ?ij ffl ^ ) 

ffi a « o iftf rtc <o w « to s •> X ^ A ID 36 a 

2 t n T t> 5 o 

i^ol&^tf^i^fi^t. BN (4 ifcttg eV) , 
AUN (6 eV), GaN (3.4 eV). InP 
(2.4 cV). A|?P(2.5eV). GaP 



2-288388 (2) 

®*<33SlLCttJS#nTGa. AJ? ,., N 
(0:Sx£l) IS;&<M£ldlte:lSr£afjlii^W'r£ 

Ga.A^rB.-,-, N. P,-. (O^x. y, 

^ ?8 ffl 9 y K ® <0 Ba Jf Se 2b 2 ^ f8 « S! ^ 
7 K ffi t 3 > ^ h B © BJ'IC (*>[«/< 7 r ® * 

( 6 ) 99 E 4^ r«T ^< -y 7 T ® a . B P JS t 
Ca. Aj? I.. N (OSx^l) jS?><5£S<C 

e/a*nrca. a^ n (osx^i) 

Ga.Al?,B,-.-, N.P».. (OSx. y, 

( 7 ) a 4» Tai -7 T ® (1 . B p ® i 

Ga. Aj |.. N (GsExfil) JS;»<SE£l1c 
fikJB^n-CGa, Aj ,.. N (0£x:Sl) 



(2.3 *iJ:Cf2.8 eV) SAtOfflfiiTcSRO 

S ft «!l i i» ft 139 *« ;*C vw< > h' ¥ ^ y ^ n t ^ ^ 

L/f^LUA<ihZtik>(Oo^. B N U , > K 4* -r 

V y ;«C S 4 K fii (sp3 ) IS^^WrSHff 

ta (c-BN) «±^fi^U<c< L*^t,3ao^ 

^ W fi& K - t* > i< b a L a I n N 14 . > K ¥ 

S i25 ^ IS S L ^> n o A 5 P , G a N (1 , 

n h ^< > ¥ ^ y y t)< ^ ^ ^ *) u ^ is 

A j N , G a N li . /< V K 4^ y :^ # < ^ * 

/lAf. Aj N. GaNU^AIffiS 

;l/ V ftfc IS (Wurzelte T d fl * W 2 32 

d t A< -e $ « 
l>III-V»i3S0ft&«J«CB. N^S^tr/<>K 



-522- 





w «/ w s IK <^ m * 








VJ TT 


^ B 


N 


^ ^ v 




•hi O 


n 

u 




w u 


70 C A. 


e 


< SI 


y * fit 2b t> 


fx 5 






• * 


'» fn 




it <9 


tl T l» « fiW ;? if 


G 




P 


IC N 


^ y@ ^ 

^ fiC a 


1 


tz i& ^ 


* NllGaPO!)l% 








M -a 






4- 4> ft 


lw<v K4^^ 




i» 




1* 


oT fife -r» 




^ o 


















■/I •« 9 W Tlr 


> 


G 


a 


M 'O 






A Iff trt* 
UA> W I/l 


•V H S»S fo OB Hf 4t 






(1 


> 1 








w c tw ^ o rB /J' jt. 


i: ^ 










w 


lit 9 «' 


|AJ 3C >ll WW £a£ V Ct I 11 C 


B 1 ende 


S3 




D 
D 


^ US 








< 


W 








* W W C W B*J <A 














4ft Oil jb< tS 1 ± o > 


■r * 


sia 


) 








± J: 9 C '<J£ , Jb? 








IT H 






86 IC .i:^ g T * 4 . /< 


> K 








f>< m 7L 


(f 


2 , 7 




P n 














« Sfi 


iz i- 






(1 




-9 . A P N , 


G a 


N 








U 


* 5 


/< > K ^ + *j 


5 ± 






ib 



?ifRfW 2-288388 (3) 





^< flip Iff tji' m n 


as 




w 


o w o 




it fr Ax 






>tr A OO 12 *- m trfi 
'1^ 38 "in •* w *v PH 


/X 


JBV Is. 






4- 










ft 




"T" 


Iff 6t tt fJl 

Ssr rP M T-T 


A. 


EQ L\ £3 
Hi V' w« 


a 




^ /* 1/ — -»f IS 








> ^ Q Ml 

c ^ n u J 


> 








r Ik on 03 l£ fi£ 1 

w VI "■^ W J 


















/ <3 Sn ;^ IIZ yit 
\ •* ^ w ia» 


9 






/Tk SV -v 

w ^ ©t / 










rfc jB Of] 1- m X 
^ » Hn I*- pp O 


Hi 




1^ 


_ •H' 14 




1 fflt ^ in 

1 <9 cu 


y 




V K JS ^ ® t£ @ 




J: (/ 


m 


2 9 m ^ 




7 y K IS 






<£ s ^< r ;u ^ f- 


a 


IS ^ 


n 










u 


T X B P ® <!: G 


a 


. A 


s 


I-. N ( 


0 


£ X £ 1 


) . 


)» 


IS * n T . 


G 


a . 


A 


i N 


c 


0 £ X £ 


1 ) 


J» 


1)3 £ l£> ^ 1^ 




mm 




^ y 4 is 




=Fm ^ m 










0 













7 V K , ^ tt ]g ^ ??[ 2 ^ « 5 v 

Ca. A5 , Bt-.-» N, P,., (OSx. y. 















n li 


. w z fflig-e 






'I Z 




£1 






<Ol|t*iTUZ B 


f» 


o c <b A< « L 


« ^4 






W - If (4 33 1 IC ^ C a . 


A 


1 -. N ( 0 ^ X £ 


1 






^ S «r W t . 3ft^ o 


Z 


BtftiS-e^-^T-f^rXt 








T*«BPIS±iSS£l= 




L T ^ S » ( ffi ^ 










© 


It /< > K 4^ -y 4^ ii i 


B P 








O Z 


B4ISj3(!Dfk^«l7^ 


t t T. c n^ffl 


l> T 





iCa. Ail. In£l*'5inft7C*Offl^*>i^. 

:EL<l±NtP. h % o>^^^^^^um-v 



n W X C a . B , - . N . P , . . O « a K I ^ T 

«ffiim?^ga»tttcJ:^»«I???«-fT9t. Ga-N, 
B-P;&<i«J«6«I*c|a[^LT55a<ciJJiJLrv^-5;t 

-^<y>^ia&3»<ttjw$n. Ga-N, b-p 

o o C n b <D iJ H -s, . S S S 

T- * » Ofl tC J: S 3|£ aS U - tf (i . ^ 2 IC . 
Ga. AH , B,..., N. Pi-. ^©'®alC*^ 
Ga-N. Ai? - Na:B-P©;4--yv>ir;g.t^j 

fa i|s tt: 1/ 5j *| fi -5 . 



-523- 



( m IS 0tJ ) 

nieGaP/<v7TBl2. nS2BP/<-y"7r)g 

rJS13±i:H nSGa. A i ,.. N/BPfl 

Ga. AJ? ... N/BPa»^iad^bnf-5fStt® 
15tiJ:c;p^Ga. A Q N/BPSteT® 

^ V K S 1 4 J: 1 6 14 > h' ¥ ^ y r ^< 
3 . 0 e V , S tt ® 1 5 tt > K 4^ 1' y 
2. TeVifiO. Sryj^^T'om^ti^m^tfti 



?fB!l¥ 2-288388 (4) 
>^^h»i8)5<j^tS*nri>5o ^ > ^ ^ h js 

1 8SiS{c(4p{[no^/StgSl 9;&<)[^fiE»n^ S 
<g 1 1 <c (4 n {W © ^ a « ® 2 0 ;»< J& liSt * n T l> 5 o 

c©ii£a?(^u-ifrt4. 3>^^ hjgi 8toTfi5 
(MocvDzfc) ^/fli^TSig^ns. eosais 

3S 2 H (4 X <D IS « jfl /: ^ ;u ^ > 
«»Hlc^*l.«T. 21. 22^i:C^23l4:&IE32 

<?>Rl6ff2 1. 22*><fcC^23<4 — oof.y>/< 

24K't©±fi«-jitaLT^ift»ca!nit ^nrt^ 

«• fi(S25 14 r^^T-f ^Si^^rr^26±IC 



:SiB»nH^Ki&1f21. 22, 230MaiCjbf 
lS]^^J:^lc£S$nrnSS<!!>Siiift3W';U2 7 

S!*yV^^28UJ(Sttt»*$n. fflttt«i!«:>-^P€-^ 
L/:ffilti«lcJ:t)&Rtf;^21. 22. 2 3 (O T 

»cj:»)rr43n«o •t^^r.•/^4^*»l=t4ft«^^^3o 

22. 23^ifflLT^ffl<0®<54^X*illlL.a« 



c<o:^fiCi?(4. //;^ei»x.;5^T?t4f#tinn£v^tt 
14. a«tt^"y-D»ffi*f^wirsyt«>ic//x*s 

2|A<«£l>fc»!>, I!S*4//^T*5 

NH, -fPH, to»tti$tjc*<auiv^^is)g*^ 

-lf*ft32Lf:.®*4>/xt4s hyj«f-;i^TA.5 
-•>A(TMA). h»;y^;U;y»J'>A(TMG) 
. h»;if-->HH3R(TEB),T>*^-7(NH 

, ) . y * X y H > (PH, ) fifiaat 
14 850-1 1 SOrSft. 2^(4 0. 3Slffi. 
ie[1^/fx<D|giftflt4lil /flln fiKSaA 

ttBSft^J/ASy/;^attfl(4, TMA : 1 X 1 0 -*iol 
/■In. TMC:lxlO-'BoI/aln, TEB; 
1 X 1 0 -'aol /aln . P H , : 5 x l 0 -"aol 
/■In. NH, : lxiO-»aol /alnT^io 
P. n©K--'<>hC{4Mgi:S i*ffll>yi, C 



-524- 



ti ^ - t' > r \t s ^ > (s iH4 ) 

*f J: •> ^ a K > 9 i; i i ^1, X ^ 
(CP, Mfir) ^m.^ H 7.\zn^ir ^ z t \z*x ») 

rtaft^tta»MIW«4 20AH CaAil NJStBP 

^ Z t>< . ry/U'^T^Djg^soBPjSici^fS 

> K IJI ig ;6< iS ffi ig 1^ S ^. fUj a ^ gg ^ ft U . 

)&< a * L , 

CaPlS&llfiH Si K-:/, 4'-»'U7tttfC 
12 (4^ Si K--/, ^^*)rm&lxiO**/ 



Jjna^ 2-288388 C6) 
cffl», 9*1 ^m^ nfflSP/^y^T-fBiaii, 

s i K-y. ^--j-'^rastfcixio^'/an* , m 

on', iP*l/im<OGao.4 Aj/o. ^ N/BP 

Gao. « AJo. » N/BPfitt^B, pIBi^^v 
KJ^16iLT.MgK-y. ^ ^ *) 7 &, I ^ 
10"/ciB*. »*ltfmOGao.4 Ai?o,6 N 

StfinOXh^-f-rttUS lOi tt*JKtfcL. 
MOCVDCJ:0^7y KJg±(CO*jgWft8jicp 

B p « S£ w ± »i7(siK-r. + UTS 

ttlxiO»^/ca'. l;<m)«.fiJcg$-tt^5o^- 
LTS i O2 ffll^rK^itr. p?BBP3>^^ h 

ai8 (MgK-r, ^i-yTiattixio*^/ 



MUrftl5SS300^im(DP---tf3fe^;tttiaL 
t C -5 . ft (* S * fi fit T /< X H 1 0 0 sec 

(aii:nffiBPia;»^i&fj:2%dKffl±61 7 ^ 1^ L 

«a«ftttSKl70kA/c»» t#V>fii 



w s * n ^ ft *T tt * - K «ii SD A< ^t *5 n r 5 

S84B(i. CaAi? r^/BPfitt^JBicft-^T 

Ga. Ai? , B,.._, N. P,-. Sa*a®^fflV^T 

l«tt*.^*4s nffiGaAil BNP5'5-5rK/g41. 
7>h'-fCiAH BNPStt»42*iJ;C^pa2 
GaAi? BNP^^^y K»43lC^0^<7'yP'ST- 

C<03|l^«:b~-if(DSig<>2S2SOMOCVD 



-525- 



nffiBP®13ii, SiK-r, ^ ^ 
n S 5 K JS 4 1 ii ^ G a o. » A i! o, 3 B o. » 

N 0. 5 p D. , a a B ( s i K - r . + ij r is a 

lxl017/co3, li/m).TvK-y«tt 
1^ 4 2 U . G a 0. 7«A i? o. j B o. s N o. i P o. « 

(¥$0. l^m) V p m 9 7 K)S43 
{i H G a a. a A 0. > B o. « No.* P o. « fi A IB 
<MgK-:r. ++yT«JKlxl017/ca3. 

cfi€tigtim3a<o^j5&^jtfsi«ir'*So 

'(^^,n/i'>*'>^'^SML-C^fiSfi300 

ffi Tf /N- >U X ♦S 2 0 /£ sec «) X 56 1? H fe ^fe U 

3B50(1. ^3Elto3^)ia6^JeO«eJc(ciJi.^r. S 
te 1 1 i 5^ r /l^ -r o ft ^ 15 CO <0 /< V 7 T S 



??Ba^ 2-1288388 (6) 
12, 13*^ttUfc|gfiSWT*S. coac/* 
V 7 r » U * ft^) -e (i <i < . « ^ J: T (1 ^ as 

tz tz L iz is i m u - V o y zr ju ^ 

;^ $ l> 15 :^ »? X aR l> tl f& ^ ^ «fc ^0 iS VMC 

a L r ic & le ^ r 5 t£ if . ft $a tt j: rsj a a< * 
*o cntt!53aoii?^fi»j<owfiJt«:S*^L. 

KSft^tS-fcGaAf NtBPcoaiS^Jg*/::^ 
Ga. Af r B|..., N. P,.. 

!37Biai^tS(c^3a^llJS&9>|OGa PS«t 



1 lfcJ;C^GaP/<-y:77Bl 2<0ffl^IC^ 5^ 

■CSS. 5ec±2Sill5!(SMlcftV>T. BP^<*7 
rBl 2oii!(gicgSILTfifift4>trjgStcaK1^^ 

W ffl -e * 5 o 

P:i±«^^JK5(^jT{i. ?8tftRM±®i LTB P®€- 
m\>^ tzf>< s BPBli56jfe«fii:SfLr^aiW-e* 

ic U . IN K H ;^ $ < 5 • * /I « Sft fia ± B U 

±Bt>nffi^-r^C^;»<^l';»<. BPlin£t<OS 

» ;5f < T * ^.^ o c n ^ © * ^ St ffl ± ® c w z 



le ^ • 

±B8ii:aftUTi*5^;&<a/i5o -enja^i. 

l&9it1i:^(filzmi?i9f£\^o n & A Q BNP% 
S4WihB81iLT^*4:fi^lc. S i K-:/, 
^-i-yrfflKlxlO'^/cm'. SE^l/xmCD 
A i? o, a B 0. « N 0, 2 P 0. 8 ® * fl£ S * 1+ Sft T- 

f^^nfcl/-1f*^ttitjSgS300;/in<DJtg 
^ s iA ^ St 9ft S 1ft T /< X f3 1 0 0 ^ sec <0 /N* ;u 

l5SfiE«atl«(i|30kA/aD^ T^-o/:. COiS 

AS BNP«»|HlhB*> *nt'n»3SlfeJ:a 
a4BlO||J®fi«|<0t<DiijlfflU/::^^-e*5o c 



-526- 





T t IS| 


m 








i iz m. m ± m iz ^ w z m c z . , a 


1? 


N 


m (oiusi) ^ m tz n ^ m ^ 




a 


WZIBCaAfl Nt4. i& 0}\ m ft< ^ < tf^ 


^ ^ fiE 












« S 0 




mi I ^ a ^ (0 ^ ti m T' ^ *!) s 


^ 1 Bl 


(0 


^ m m <D n m B ? i^ ± m i 7 eo ^ 


^ ic n 




GaNTgijttRflihiag 1 "S: tSt if fz iy (D V 


i • 










a i¥ (f) iz n m c a N T^mm ±m 9 1 


r . s 


I 




. 1 fi 


ra 




m (0 U 






fi . m 




S jji IKE T ^< X « 1 0 0 ^ s ec O /< 







K iliij ffll ;5< rf b n T S C i Ut 22 $ ® S ffi 
U *s> 5 V t O fig ;&< 15 ^, n • * a »4 

35 W Jii T 1= 3S W f 4 o 

L s nffi!BP/^y7T®13tniaGaA^N/ 
BP^7vK®14tORgiCn^Ca. A^,.. N 

101«-^«E*<*> ifcpfflGaAil N/BP^ 

y ^mi6ti>mB?:3>^ifhmiS!IS\izm 
{Z p m G & . A Q N/BP@fe^®;6>^,^£ 
S 3J 2 <0 4« KJ /< y 7 7 ig 1 0 2 ^ * ^ T 5 o 

* ^ S3 iS ^ j* *i J: « ^ # a 3E ^- fi«l ir SI i q 

1 4 ;&< S i K - :/ . + V T ?S 1 x i o ' ^ / 
on' «©Ga„.4 Ai? u.6 N/BPJgi:i^LTBl 
O 4> R3 7 7 ig 1 0 1 ^: ^ Si K - y . 4^ ^ 

yTTSKlxlO^'/cffl'.ff^rO. ItfmflD 
Gao, . AS 0.2 N/BP®«|^|gi:L. pffi^r 
y V K 12 1 4 M K - r , 4r ♦ y T « ffi l x 
r 0 "/ an ' (0 G a 0. 4 AH a. 6 N / B P |g (C 



»B3¥ 2-288388 (7) 

lO/imTd&O. wC0iaiiBP*ma5(!fl±i2tL 
r ffl I* i» ^ <0 3 0 m ir It T -t- 5> /Jx ^ ^> , 

S0i2ia*jj:af^i3iai4ini«ijc, -tn^^ns? 

30teJ:C^^4ao'^r^e^Jomfi£C^^LTna! 

caN«5{ti[a±®*ffli.*fciiijteeiij-rASp 

$^lcQdKffl±IK&tT. GaA£ BNPjgg 
«^GaAi N/BPSft^Btt^^ffli. set 

t nf fit T * -5 o 

ia±<D|gJ5SfJlJ(rt>».^Ts GaAfl N/BP^ffe 
^mttziiCiAQ BNPiSa®*^^^i-5^^v 
Ki8r{i<» ±fflJ^7-y Kig*<BPD>^^h/g^i: 
fi^ L ^ T W 5 V K » d< B P V 7 T la IC e -i- 
5o BP/gliGaAi! N/BPfflfe^Bifiii 
GaAi? BNPS®/gJ:0'<>K^i.., y;j<^^, 

A> fe» . - n ^ <o RH (c ^ (£t » 5? ;6< file $ n . z n 

® iS t 5 . U o T c n ?P O PJJ IC Ji !E IC > 
¥ ir V ^ m i m & tS it ^ ^ ^ t£ tp fiSi ^< ^ 

LT3S204i|ai/<y7Tfgl 02^, Mg K-r, 
+ i'>;ra«ClxlO''/ai»,l5t*0. l*im 
<OGao.. Ai a. 2 N/BPffltt^jBitra?^ 

« BE )ft< t# ^> n f: o 

tsi 4laolli^l^pJ<i:fg^^D^a«sTlg;^>^^,A£^I^^PB^ 

^<v7t®10 1. l02^^^t/:^^£^^jT*5<, 

<^ mt^mr m ^ u^i/t \^ - ^ St t& t>< ^ ti 

a ± o c|j r4i /< 7 T ® * ifi: (t * it ti , ^ ? v 
h'm^xa^^mizGaAs B u ? M m 

-5 « ^ ^ ^ T' * , CO «j ^ « ISJ -y 3^ 
rSttrUGaAi? N/BPfflfe^SDclMA 
GaA^ BNPjKfflS^fflUtLtfAl^o 

nia^-5»K®4lC0Tt=nSGaAlf BNPig 



-527- 



fl]S;&*^i<t5»l(0c|3|gI/<y'7rl81 1 1 'tr ^ if > 

P m ^ V Kli$43±lcpt6GaA( BN ? M S 
® ^» « ^ 2 O « PoT 7 T IS 1 I 2 * It fc 

t> to T- * S o 

S2^9'yKH43]ft<Cao.2 Ajlo.j Bo.< 

X 1 0"/cid' , ff^O. 1 u m 0 C & 0, ^ 
A Q o. I Bo.s Mo. 5 Po.9 ^^Skm t L . ag2<0 
4»ra'<v7r®112*.MgK-r, ^i-y 
TiSttClxiO*'/cm'.»*0. 1 ^ m n 
Gao.4 AH 0,1 Bo. 9 No.s Po,s fR A IB t ir 

ic ^ n 5 . 

^i: ^' i|> [SI V 7 7 RS ^ » i:r S ± IS « H ft W ic 
^^T^ a > 9 ^ h»ffl<0»2O4>l81/<-y7r»tt 



L T ± 8? CO 4^ P«n V 7 r ® 1 0 2 ' * p ffl ^ 5 

K ® 1 6 ± ^ ilij Si l:f T i p 

* ± K & 5S J& e^J <0 « BSI /< 7 r ® o t . 

> K 4^ i- to a » {a « J: 0 o T «ft 

!R fr^ * S o 

i^^ztitwt\zi^-<tz^ cnici^urjfejciiffiw 
«t 5 c i <o ftb 13 > f£ eJt ^ (c ffl u /c S * ^ to ^ 

cnUS-:(:(k^{c^lg|(0|gft^(0%'F<b(^f$ 
IzmOiL > SSI l^<l:CFCaP/<-v77)3 



CfGaP/<y7TBl2<0l»*l4W;ltf, flli<9f 
e<OSt. 296A«^f'yl'r;P3-A.««-Civ^ 

Z <0 iz X tin . S fit *i J: ^< V 7 T ® to 

«[ :2 $ n 'X o A: *< , L E D * - K to i& fti -e rt 

^n^nS53[afc*«fcCfB4H«>l?ffi«t03K^lc« 
lcJ;oT(>(5)ttt04ft*;5<?§^n5, 



»2lHtt. ^(^^tm^f^(0*^^^U-ifX' 
«6« CtO«9£fl. 5&Jto||ft^jtof»iS^2S 
*<J:LT^ nfflBP«gftffljl:®l7*JlJfiS'rSC 

<OT?A4o c:<oj;-3fi:^zfeic<tn(i. iait^^exso 

I e «r !£f g t L r£ U /c 16 . X S Si m ft 3f n . =i 

X h ft T iC o 5 o 

CtOffiiSTfli. p^i^vvKISietp^BP 

3 > ^ ^ h IS 1 8 /»< iS m m « S <?S <iS Ji . /< > K 

•♦>ifefOXh^-f74*:f?i5^<Opg2GaAH N/BP 
a » B ift* i& S «|> M -/ 7 T ® 1 0 3 )&< ^ 1£ U 

(r;nix*nTi^5/:i6. tJip:/iS]icjitff^?itoii;j<T 

Iff fiJt L T . ft (* Sf * a ffi T ;U X IS 1 0 0 /{ sec 
<0^<y|.Xftf^T»feU-1f5SfiJi<ttig*n/c. L 



-528- 





7 


0 k A 


/ OB ' T * 










*- K 


m A< 'rf 


n T s 




<b m 22 $ n o 


% tz Wi ^ 


m a t± 


5 V t u 




to * 






S5 2 2 


SI U R Kit <o 






1 6 BI O 




* ^ (= « ffl 


L 




C CD H jSS 


W K J; ^ 


T t> IhI Bt <0 








m 2 3 


£3 (1 S (c . 


P 




K IB 1 6 


^ h 7 


^ :^ tf: Ci 


SlI ^ t> o J: 




Jini X 


5 w i ^• 


if* T > p 


m c B A 


If N / B P 




fal 


7 T IS 1 0 


2 JJ? 




f- > r U T 




V y ^ 


7- U ^< ^ 


— — > 7* 


L . p 


B P 3 > ^ 




h \A 1 


9 « ^ ffi 1= 


S file L 




« 5 0 CO 




J: -3 r . 




M> (0 $ 


(1 /jL l« ;)<^dIC):lit^ a 


ff =b n . u 


^ -H* £a ig 














^ UK 0^ 


O i|i 3? U 




If IC 


»t 5 16 3fe ® 


lw ^ 


ft ^ ^ ^ 


^ «f It f4 U 




BP© 


<a ^ ^ > tt 


^ Z B « 




(/ C a A H 


N 


© it 






t£ ^ ^ 






S A< . 


G a A il N 




T ^ -b y 


^ *E 


A 


h t H 


tt t:f S t 






a 16 ? t» 


it 


^m^m t. 


a 1^ 




- r «i . 35 


2 


SI<0M0CVDIE!SICJ;») 




^ o ^ T (C 




flfl L /:: ^ jffi M 






i 15) «1 to ^ 




T G a 


A Jp N / B 


p a ft ^ 




L . n S 






G a A i? N 


6 (C S i 


^ s P ffi 


IC M L r 14 


B 




K - 


f > 5^ L 


fc o n ^ <D 




6 tt G 


a A IT N 19 


^ B P IS 


IC R B$ U 


S i K - 


r 


L T (> ± 3&< , B 


P il^S* 


fi a ^ flt tc S < 


r 


I S K ' 


- b* > ^ (c 


\tlSk^ fl 


« C <D i« K - b- 




X J: 


♦) s p S , 


n ffl ^ IC 


1 0 


CO * ;r - r 




O ^ -►^ 


y r « ffi o 








^< % 22 


* n fc . L 








■^^^^ 


<o » 1/ 








Q 








32 K - b' > 






G a A N 










;c . 




* I& 9! « . ± Se L 




1= PS n 




« T « G 


a A J N / 


B 


p t& 




X y 




je ^ ic 




It. t^CaAif B 


N 


P iS A 





?$B3¥ 2-288388 (0) 





HI ISL 






1 \ " ff\ A it- ^ ^ ^ 




Wk n a A 
wj ^ W a A 


A Ki y n B 
y N ✓ o r 


m nt J /!■ 7 /!> *w 9 9 






'T i± ut- ^ ^ 


^ tC ^ ^ * /|h| ''■^ 




ft^ &tl d4l ^ 


r ^ ^ O 


w 7^ Ay *. V w 




~ /I ^ o 


a A i? N / 


B Pflt^^lS'^ttlZ 
" • m TO ib ^ IT 1^ 


p s 


jfv sti on j& K ^ 
t6 w ^ r 




GaAO KfB'l^fiDS 


TW 


vn ^B, JHI 


/fp Ok M A ^ 
^ ("B tf^ S 






d:- Ap tJ 7 

n5l v *r" T V / 


jft iflr A< ffl 

K »^ fif •? 


Jx fx L% tTi ir: W I R 


P IS 


1" A A n Hi AEl 
iw «v 9 m s^v »a 


f* ■« ff4 £A 
Iw p SB 'In 9tt 






M) m ^ 8$ 

AO IH ?M 9K 4C» 


SI t-f -sP 
W ^ 3< »7 T 


* ^ m ?c 31 t> '* 




w ^ Iq % 1- 


r — V U Ti 




y T 


t L r j» C 


S <t d n 










» 2 4 a (a) (b) 


(i , 


* O » K - 






(a) 


a p S K - b' 




T ^ 0 . (b) li n S 


K - 


b* > r <o Js ^ 




rnt,. BPjsiG 


a A 


i? N B X S 


^ ^ @ in 



T (1 B P » ic «0 * M g ))< K - ^ * n . (b> T? 



G 


a A 1 N IS Iw O ^ S i A< h* 


- r * n T w> 


a o 






O^i^m&i, ^..9^ fk » « ^ 


X a ^ ® ^ 








^GaAj? N^:BPcoJlJ9^^S£fb 




« C 








^ ^ ^ c 


t h 




















¥*^fflJdt€:Ga. AH ^ B 


1 N 


, P 


1 - 1 






UAiti. x + y- 0. 5 


i t A: ;&< 




o m 












s X 


+ 


y 


0 . 5 J: 0 * < « t 


. V K 




(S 




IS 




X L t 0 






L 


< 
















T . 


G a 


A ^ 


N 


m 








t T 






>^fC^ ni2$S;c«^:LTB, 


G a . 


A i? 




IC 








C V 


ft ic 




t 


LTAs, Sb«rS^f5 


Z t A< X 


$ <S 


• < 




m 


l4//XtLrii, GaMI^ 


t L X h 


y i 






y 


(TEG) , AH 


t L X h 


i 


f- ^ 


r 




Si-^Z. (TEA) . BJ^ 


14 ^ t T 










□ > (TMB) tt^«-C6ffl 


t ^ Z t 




. 


is 


•9 


l=NlSji4iLrb K7-:^> 


( N 3 H 


4 ) 


o a 





-529- 



Ga (C2Hs)i 'NHs. Ga (CHj), 

•N - (CH, ) , ts a o ^ rsr9\tn\t^^ 

ih- « ^ la (b ^ #f ffl O -5 C i >5< T- ^ 5-0 * It ± 

■CSS. 

[ 56 flfl «i ] 

± J: o * Ift ic J: nif . It lw< > K 



J$Bt1¥ 2-288388 (10) 

SI. 

551 IB-^l 3g|(l^-aSlffiit@<CC a N}3« 

m 1 4 a - ?n 1 7 EI {i ^ y K © o ± T cc 4i 

^* tT ir ffi 0 . 

552 l(g|~tS2 30(in^m»EI^Jl:JS«'^!?QSL 



19 2 4 0 (a) (b> * 16 ic W fli a K - 

1 1 • C a P S K ^ 1 2 n IB C a P /< 7 

r Ja . 1 3 - n S B P /< y 7 T ® . 1 4 n S 

GaAJIN/BPjam^^'^-yKJB. I 5 - T > 

K-7'GaA^N/BPa»^«ttB. 16 -p 

ffiCaAj!N/BPfflttiti^79Kffi, 17 -n 

mBPmmmit^. is-pmBPnv^^'hjg^ 

19, 20 ••^©x 41-nffiCaAi? BNPiS 
^ !^ y ^ Kffi. 42-7>K--/GaAi? BNP 
Uhti&^m. 43-p^GaAi? BNPSi^^ 
77Klg. 51-nS2GaAi N/BPStt?^ 
-/ 7 r IS . 6 1 S i C S « . 8 1 - n S 

1 0 1 n 02 C a A 5 N / B P ffl tft ^ 4^ PhT /< ^ 7 

T)g> 102"'pg2CaAl} N/BPiSfS^-ctjRS] 

^< -y 7 r /S X 1 1 1 n 52 G a A H B N P jS a 4" 

7 r ® , 1 1 2 p IB C a A j? B N P ffl S 
7 T IB • 



-1 



'■3, A ' 



23 

U 



Jl 



21 



26' 



32 

.25 



a 



■-28 



30— 

o 

m 2 



.29 



2^ 



^27 



-530- 



!5Ba¥2-iJ88388 (11) 



0. 



s 

s 
s 
s 

s 
s 
s 



09 

I 

a 



CQ 



< 

O 



Q. 
03 



< 

o 



a. 

03 



a 

o 



Hi 

a. 
m 
o 
( 

c 



(0 




p-BP 



n-BP 



BP 



n-6aA£BNP 



n-BP 



n-GaP 



n-GaP44S. 



19 
17 

J^3:p-GaA£BNP 
^:GaA£BNP 

13 
-12 



-20 




n-BP 



n-(GaAfN/BP) 



n-GaP 



n-GaPl-*S 



17 

, :|6:P(GaA£N/BP) 
^^5:GaA^N/BP 
14 

-42 



II 

^20 



« 4 



m 6 



p-BP 



n-BP 



BP 



-19 
,17 



n-(GaAfiN/BP) 



n-GaP 



m 5 Bl 



-16:P-(GaAlN/BP) 
15:GaAIN/BP 

U 

Ml 

=^20 



p*BP 
n-BP / ~ \n-BP 



3—19 
-^18 

3 46:P-{GaAiNy^P) 
"^15:CaA*m/BP 



MGaAMBP)^,!^. 



:-i3 



n- BP 



n-sic*ia fei 

-20 



m 7 



-531- 



p-BP 

n- AtBNP\ /vAgBNP 



-81 

-16 

l5:GaAlN/BP 
n-GaA£N/BP -k^U 



p-GaAiN/BP 



n-BP 



n-GaP 



n-GaP4A 



19 8 



-19 
^18 



-13 

-11 
^20 



fv-AiBNPr 



p-BP 



n-GaAIN/BP 



n-BP 



n-GaP 



n-6aP4^ 



^19 
-81 



^^ ^6:P-6aAIN/BP 
~ "NlSiGaAIN/BP 



I-02 
-Jl 
-20 



m 9 



IIRfl^ 2-288388 (12) 



p-BP 

n^AIBNP/ r ^n-AIBNP 



n.GaAlBNP 



n^BP 



n-Ga P 



n-GaPi4S 



-.-IS 
^18 
^81 

-<3:p-GaAlBNP 

"A2:GaAlBNP 

^41 



13 

AZ 

til 
20 



% 10 



p-BP 

w -GaN\ /w-GaN 



p-GaAiN/BP 



n-GaAIN/BP 



n-BP 



n-GaP 



n-GaP|^:ft 



^19 
-18 

-91 
-^16 

^iSGa AW/BP 
— U 

--13 
—12 
—11 
---20 



^ 1 1 



p-BP 



w-GaN ] \w-GaN 



n-GaAIN/BP 



n-BP 



n-GaP 



n-GaPf^«l 



» 12 



19 
.18 

_16:P-GaAlN/BP 
'^llrGaAlN/BP 

^14 

—13 

1^2 



—11 
--20 



w-GaN 



^ (w-GaN 



n-GaAlN/BP 



n-BP 



n-GaP 



n.GaP;i4S. 



m 13 0 



-19 
J8 



43:p-GaAlBNP 



V-42:GaAiBNP 

f— 13 
12 



--11 
^20 



p-BP 



n-BP 



p-<GaAIN/BP) 



n-(GaA£N/BP) 



n-BP 



m 18 



p-BP 



n-BP 



fN/BPy 



n-BP 



n-(GaAiN/BP) 



n-BP 



2h-19 
18 



17 

15-GaAIN/BP 

M3 
.20 



19 
18 

^17 
^16 

-15.GaAlN/BP 

3 

'20 



« 19 



-532- 



I 



}$ia¥ 2-288388 (13) 





0. 



5 

5 



Q. 

CO 



< 

5 



00 



to 

C 




CL 



< 
O 
I 

c 



a. 
I 

c 



Q. 

o 



4? 

QL 
O 



-533- 



p-BP 




n-BP /p- \ n-BP 
GaAIBNP> 




49 
48 



17 
A3 

-A2:GaAABNP 



m 20 



102:p-GaAIN/BP 



p-BP 



p-GaAfN/BP 



n-GaA«N/BP 



n-BP 



n-GaP 



n-GaP:&4R 



tzzzzzzzzz: 



48 



16 

15*GaAiN/BP 
lA 

^01 :n-GaAJlN/BP 
.13 



^12 
Jl 



|g 23 S 



MRH ill 'P. 


288388 (14) 


/102:p 


-GaAlN/BP 


nap / 
p- Br y 




f= \ 

fe?AfN/aP^ : 


--15:GaAiN/BP 

qOl : n-GaA«N/BP 
--13 


n-GaA£N/BP 


n-BP 


0- Gap 




n-GaPj^ibl 


L20 



fi 21 0 



P-BP / 
\ 

'GaAiBNP^ ; 


-19 
^18 


n-GaAIBNP 


^2:GaAi BNP 

-inrGaAiBNP 

-13 

^12 

—11 
k.20 


n-BP 


n-GaP 


n-6aP 



m 22 B 



AlGaN 




BP : 


Mg K-7* 












A2GaN 




BP ■ 


Mq K-7* 




A£GaN 




BP: 


Mg K~7* 





(a ) p H 





AiGaN: 


SiK-7' 




BP 








J* 




AiGaN : 


Si K-7- 




BP 




AiGaN : 


Si K-7* 




BP 




(b) n 








m 24 







-534- 



1#ffi¥2-2 8 8 3 8 8 



[S^ffB] ¥^9^ (1 9 9 7) 3^2 8 0 

imm} #W¥2-2 8 8 3 8 8 
[l^PflB] ¥fi)c2^ (19 9 0) 1 1^2 80 

im^m mm'm2-z s s 4 
imm^ m^?- 1-110502 

HOIS 3/18 

HOIL 21/205 
CF I] 

HOIS 3/18 7630-2K 

HOIL 21/205 8617-4M 



^ 3156 =f5B JF: 1» 
1 -1105029 

^ # 1/ - ir 
3. tt£«r«4r 

C307) M S 



8. MiEOn? 

4* rft-3j i0iE+«t. 



4. K a A 

TlOO CIS 03 (3502) aitl C^^f^fi) 



C»47) ^Rd: ft a K 9 




5. ^ It iE 

6. «iHt^9«int*M«acift 3 

7. ttif.O*}* 



2. 49VI|«06B 

G_a.. A# , Bi-,-, N, Pi-. <OSx. y. c £ 1 > fifiBic J: Q 



1fM¥2-2 8 8 3 8 8 

CO., AJ , B, ... N. P,,. (0<x, r. 1^1) KAai£i;t)M$ 

ms«m±it^^cf3>^^ Mij6*BpBi=j:«)iiss«nri'6:^« 
iRttfl«itc^))f2««s>7 7 kbu. bp at 

Ga» A« H cosxsi) B^g Ste SB 6 Kfc Bfe^B < 

(8) ail3gl»^ BOGa. Ai NJBtfctt. Ca. A4 , B ^f- 

(9) ,«C4'm'<^r7rJHtt. BPBtGi. AJ ... M (OsxaiJ B0tK 

HcwjBfsnroa, AJ M (osKSi) B«(P9SBeis!isaiia«:|? 

N. P... COSx, y, xil) fflB»«0*Btt«KJ:5BisgtiTl»4E 

ilO)«C*M'*»7TBll, BPBiCi, Ai ... N (OSxSl) ffjfr45t 
Sl-|9B*nTGa, Al , . N C 0 S i S 1 ) B;><Rj6Uaatta«at« 

N. p.., (0S». ». ££1) iattB©#B««tJiOi|ifiSFft, 



~n 2- 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

P^LOR OR BLACK AND WHITE PHOTOGRAPHS 
□^RAY SCALE DOCUMENTS 



^LBVES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: ] 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




